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To control cellular processes, cells dampen signaling through a broad range of
mechanisms including cargo internalization and by slowing down the transport
of metabolites through the plasma membrane. The mechanism of cargo re-
moval includes internalization by endocytosis, followed by ubiquitin-
mediated delivery into early endosomes. Cargo is further sorted into vesicles
of late endosomes/multivesicular bodies followed by, in most cases, degrada-
tion in the lysosomal lumen. Adaptor proteins regulate cargo sorting through
their ubiquitin-binding domains, ensuring the precise sorting of endosomal
ubiquitinated cargo proteins. One of these adaptor proteins is Tollip, which me-
diates protein sorting by association with Tom1, polyubiquitinated cargo,
and clathrin. Tollip is localized on early endosomes where it is required for
degradation of ubiquitin-conjugated cargo including the interleukin-1 receptor,
a key player in inflammation and innate immunity. Tollip is modular in
architecture with an N-terminal Tom1-binding domain (TBD), a central C2
domain, followed by a C-terminal CUE domain. We establish that the Tollip
C2 domain preferentially interacts with phosphatidylinositol 3-phosphate
(PtdIns(3)P), a phosphoinositide exclusively enriched at the early endosomal
membranes. We identified key PtdIns(3)P-interacting residues predicted to be
in a flexible region nearby the beta-groove of the protein. We also demonstrate
that the CUE domain mediates Tollip’s dimerization and binds ubiquitin.
More importantly, we establish that ubiquitin negatively regulates Tollip’s
phosphoinositide binding and this novel function is associated to direct binding
to its C2 domain. We also show the structural basis by which the adaptor
protein Tom1 binds ubiquitin and Tollip TBD in a mutually exclusive
manner. Thus, we propose the association of ubiquitin to Tollip and Tom1 neg-
atively modulates Tollip’s membrane targeting. Thereby, our studies provide
structural insight of how Tollip is partitioned in different intracellular pools
and Tollip’s molecular interactions modulate innate immunity and membrane
trafficking.
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The bacterial cytoplasmic membrane small multidrug resistance family trans-
porter EmrE consists of four transmembrane helices (TMH) connected by short
loops and is considered to multimerize in order to export quaternary cationic
compounds from the cytoplasm. Previous consensus on multimerization pro-
poses a facial monomer-monomer interaction located in the C-terminal TMH
4, which is complicated by the mounting evidence of an antiparallel topology
dimer and requires additional data on interactions which form dimers or poten-
tial higher multimeric states. Bacterial two hybrid method is used as an in vivo
approach to protein-protein interaction to this end.
In order to characterize regions of interaction between potential parallel or an-
tiparallel dimers, chimeric constructs of full length monomers were made with
N- and C-terminal adenylate cyclise domains. Constructs were also made of
each TMH topologically constrained with maltose binding protein to the peri-
plasmic side and one of two domains of adenylate cyclase for the bacterial two-
hybrid system to the cytoplasmic side. These constructs were then cloned to
represent the alternate topology. Complimentary constructs were co-
expressed in an in vivo system where interaction strength between helices
was quantified with the use of the Miller assay. This assay relies on the produc-
tion of the o-nitrophenol anion by proportional production of b-galactosidase
resulting from the transmembrane helix mediated interaction of the adenylate
cyclase domains encoded into the chimeric constructs.
Resulting data obtained using full length proteins and individual TMH in dif-
ferent orientations provides information on helix interactions and topology
which compliment the in vitro structural information.
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Gastric infection by Helicobacter pylori depends on the expression of the urea
channel, HpUreI. This inner membrane channel allows H. pylori to survive inlow pH environments by funneling gastric urea to the cytoplasmic urease,
where it is hydrolyzed into CO2 and 2NH3, which in turn buffer the pathogen’s
periplasmic space to a pH of 6.1. We have performed microsecond atomic de-
tail molecular dynamics simulations of the recently solved crystal structure of
HpUreI (Strugatsky et al. Nature, 2012, accepted), to identify the key channel
lining residues responsible for solute selectivity. Selectivity through the open
channel pore is conveyed by a ring of aromatic residues that form a constriction
in the central part of the channel. Urea transport rates through this constriction
are restricted by the sidechain rotation periodicities of these residues, which are
in the range 100-500 ns, explaining the low solute conduction rate observed
experimentally.
Both the channel architecture and conduction mechanism contrast sharply from
the urea transporter (UT) channel family. Unlike the UTs, HpUreI has wide
water-filled channel pores, that keep urea hydrated during transport, and con-
duct significant amounts of water.
Strugatsky D, McNulty R, Munson K, Chen C, Soltis SM, Sachs G& Luecke H.
Crystal structure of the urea channel from the human gastric carcinogen
Helicobacter pylori. Nature 2012, accepted.
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The transport of ammonium/ammonia across biological membranes is medi-
ated by a family of ubiquitous integral membrane proteins, the Ammonium
Transport proteins (Amt) [1]. Current functional interpretations derived from
electrophysiology (two-electrode voltage clamp experiments with protein ex-
pressed in Xenopus oocytes [2,3]), in vivo radioactive uptake assays (using
methylammonium as alternative substrate [4]) and in vitro pH measurements
(reported by a pH-sensitive Fluorescence dye inside proteoliposomes [5]),
yielded to discrepant results that are still controversially discussed [1,6,7].
To conclude on the substrate identity (NH4
þ or NH3) and the transport mech-
anism, we are conducting electrophysiology assays on various Amt proteins.
Typically, pure protein is reconstituted in liposomes for Planar Lipid Bilayer
(PLB) and Solid Supported Membrane (SSM) experiments. So far, assays in
PLBs show protein fusion difficulties or weak signals even under macroscopic
current recording conditions. On the contrary, SSMs allow testing for higher
protein:lipid ratios in a much more stable setup [8]. Under these conditions
we have been able to record transient currents upon protein activation with sub-
strate. We are currently further developing this assay to investigate electrogenic
ammonium uptake in Af-Amt1.
[1] S. L. A. Andrade et al, Mol Membr Biol, 2007, 24, 357.
[2] M. Maier et al, Biochem J, 2006, 396, 431.
[3] C. Ortiz-Ramirez et al, J Biol Chem, 2011, 286, 31113.
[4] E. Soupene et al, PNAS, 1998, 95, 7030.
[5] S. Khademi et al, Science, 2004, 305, 1587.
[6] A. Javelle et al, J Struct Biol,2007, 158, 472.
[7] R. N. Fong et al, PNAS,2007, 104, 18706.
[8] P. Schulz et al., Methods, 2008, 46, 97.
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TMEM16A(a)/anoctamin-1 (Ano1) has been identified as a Ca-activated chlo-
ride channel. Using blue native PAGE, SDS-PAGE and chemical cross-linking,
we have shown that the mouse Ano1 channel (mAno1) shares an obligate ho-
modimeric architecture with the hCLC-1 channel (Fallah et al. Molecular &
Cellular Proteomics 10.1074/mcp. M110.004697, 2011). The homodimeric
mAno1 dissociated completely into the protomers in non-reducing SDS buffer,
indicating that the protomers are held together by non-covalent interactions and
not by intersubunit disulfide bonds.
The mAno1 protomer contains a total of 16 cysteine residues, of which nine are
located in the predicted ectodomain and one (C357) in the first transmembrane
helix, TM1. To study whether intrasubunit disulfide bonds may shape the
assembly-competent conformation of mAno1, we mutated each of the 10 cys-
teine residue in the ectodomain or the TM individually to alanine. We found
that all the C to A single mutants were well expressed and assembled as
Sunday, February 3, 2013 67ahomodimers. Eight of the C to A single mutants contained a maleimide-
reactive thiol in their ectodomains, whereas the wt-mAno1 and the C357A
and C631A mutants lacked a free ectodomain thiol. We conclude from
this finding that only eight of the cysteine residues are accessible in the
ectodomain and that these eight cysteine residues are involved in the formation
of four intrachain disulfide bonds per wt-mAno1 protomer. Also all the 28 C
to A double mutants that comprise all pairwise combinations possible with
the eight extracellularly accessible cysteine residues assembled efficiently as
homodimers. However, in contrast to the single mutants, only a very few of
the double mutants exposed a free thiol group. We suggest that the six
ectodomain cysteines remaining in each of the double mutants can efficiently
re-arrange in a manner that prevents in most cases the formation of only one
disulfide bond.
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Hyperpolarization-activated cyclic nucleotide-gated channel 2 (HCN2) be-
longs to the Cyclic Nucleotide-Gated (CNG) channel superfamily, which
has been found to control pacemaker activity in the heart and brain. HCN2
was shown to undergo N-linked glycosylation. However the effect of the gly-
cosylation on the expression and function of HCN2 channels is still under de-
bate. In this study, we use biochemical modification, confocal microscopy and
flux assay to investigate the role of N-glycosylation on the membrane traffick-
ing and function of HCN2 channels. We showed that HCN2 mutant N380Q is
not N-glycosylated. Confocal microscopy and Western Blot are used to ascer-
tain the subcellular localization of N380Q mutant. By using PNGase-F diges-
tion, WGA lectin beads isolation, and antibody affinity purification from
plasma membranes, we showed that N-glycosylation on HCN2 channels is
heterogeneous. One step further, we reconstituted HCN2 channels onto lipo-
somes and established a cation flux assay to study the function of reconsti-
tuted HCN2 wild type and N380Q mutant. The result generated in this
study will answer the question of whether the N-glycosylation is critical for
the function of HCN2 channels. The method developed here will provide
a platform, which could be applied for studying the functions of other
CNG channels.
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GLIC is a pentameric proton-gated ion channel with an EC50 at pH of 5.0. It
remains unclear which regions of GLIC are responsible for channel activation.
In this study, we explore two potential regions by combining mutagenesis/
functional experiments with computations using the Perturbation-based Mar-
kovian Transmission (PMT) model. The first region involves inter-subunit
salt bridges between the C-loop (E177 and D178) and b5 (D91) of the com-
plementary side. The second region (N152, D153, and D154) was part of
the cavity identified crystallographically for anesthetic ketamine binding
(Pan, Chen, et.al, Structure, 20, 1463, 2012). Mutations in the first region
(D91N, E177Q, D178N) removed salt bridges and resulted in an increase of
the EC50 (decreased pH to 4.8), suggesting the importance of the salt bridges
in stabilizing the open-channel conformation, as confirmed by the less closed
C-loop in the X-ray crystal structure. The mutation in the second region
(N152C) resulted in a decreased of the EC50 (increased the pH to 5.4), pre-
sumably due to more flexibility for the protonation of D153 and D154. Using
the PMT model, which provides time dependent information on the pathway
of signal propagation, we found that perturbations to the first and second
regions propagated through two different paths to the pore-lining TM2. The
perturbation to the first region travels mainly from loop C, down b10 and
b7 to the Cys-loop, and on to TM1 and TM3, which together affect TM2.
The perturbation in the second region starts in the middle of the F-loop, travels
down along the F-loop into the TM2-TM3 linker, and then to TM2. Taken
together, our results reveal residues important to channel activation and allo-
steric signal pathways. Supported by NIH (R01GM066358, R01GM056257,
R37GM049202, and T32GM075770).343-Pos Board B112
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The potassium channel KcsA was reported to conduct water at an extraordi-
narily high rate, which implied a 20-fold increase in mobility of water mole-
cules inside the channel as compared to bulk water [1]. A conformational
state of the channel that is permeable to water, but closed to ions would have
resulted in an underestimation of channel number, and thus, in an overestima-
tion of water mobility. Here we tested whether the recently described C-type
inactivated state of KcsA may represent such a conformation. Therefore, we re-
constituted a KcsA mutant in which the inactivation was suppressed with an
E71A mutation in the pore helix. KcsA labeling with a fluorescent dye allowed
determination of the number of reconstituted channels per vesicle by fluores-
cence correlation spectroscopy. It was equal to the number of open channels,
as revealed by fusing part of these vesicles with planar lipid bilayers. We sub-
jected the remaining part of these vesicles to stopped flow experiments. This
approach allowed unitary water permeability calculation of the non-
inactivating KcsA variant. It is roughly an order of magnitude smaller than
the single channel permeability of the wild type channel, suggesting that the
open but inactivated potassium channel is a selective water channel.
[1] Saparov, S. M., and P. Pohl. 2004. Beyond the diffusion limit: Water flow
through the empty bacterial potassium channel. Proc. Natl. Acad. Sci. U. S. A.
101: 4805-4809.
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Voltage-dependent Hþ (Hv) channels mediate proton conduction into and out
of cells under the control of the membrane voltage (Vm) and the transmembrane
pH gradient (DpH). Hv channels are unusual compared to voltage-dependent
Kþ, Naþ and Ca2þ channels in that Hv channel genes encode a voltage sensor
domain (VSD) without a pore domain. Purification of Hv channels to homoge-
neity and reconstitution into synthetic lipid liposomes demonstrated that the
VSD by itself supports Hþ flux. In addition to this unique biophysical behavior,
recent research has revealed many important physiological roles for Hv chan-
nels in immunity, human male fertility and cancer. An experimentally deter-
mined structural model of human Hv channels would greatly contribute to
our understanding of how the channel is regulated by Vm and DpH and may re-
veal the conduction pathway for protons through the channel. Furthermore,
a structural model could allow for rational development of pharmacological
contraceptive or anti-cancer agents. Here, I will be presenting preliminary
work towards the biochemical, functional and structural characterization of pu-
rified human Hv channels.
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Structural studies of ion permeation in pentameric ligand-gated ion channels
(pLGIC) need higher resolution crystal structures. We have solved the structure
of an open form of GLIC, a prokaryotic pLGIC, at 2.4 A˚. It reveals two clearly
resolved water pentagons with one sodium ion between them: a self-stabilized
ice-like water pentagon at the level of Ser 6’ and a second wider water pentagon
at the level of Thr 2’, in continuous exchange with Glu 2’. Computational
methods predict that the position of the ice-like ‘‘tight’’ pentagon of water is
very sensitive to the position of the hydroxyl group of Ser 6’. Electrophysiology
on GLIC wild-type and Ser 6’ mutants, including single-channel recordings,
confirm that the side chain hydroxyl of Ser 6’ is crucial for ion translocation.
Simulations that pull a cation through the pore suggest that the ion remains hy-
drated during permeation and that residue 6’ actively contribute to ion translo-
cation by reorienting its side chain when the ion is going through the pore.
Generalization of these findings to the pLGIC family is proposed.
